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ABSTRACT 

An introduction to geothermal energy is provided in 
this discussion o£: (1) how a geothermal reservoir works; (2) how to 
find geothermal energy; (3) where it is located; (4) electric power 
generation using geothermal energy; (5) use o£ geothermal energy as a 
direct source o£ heat; (6) geopressured reservoirs, (7) environmental 
e££ects; (8) institutional and legal problems associated with 
geoth'srmal energy; (9) economic considerations; (10) hot dry rock: 
and (11) £uture prospects. Eight resources available from the 
National Technical Information Service (NTIS) are listed. Each entry 
includes title, author(s), annotation, publication date, and current 
cost. (JN) 
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Introduction 

Geothermal energy is heat 
generated by natural processes 
beneath the earth's surface. It 
occurs at great depths everywhere 
on earth but in soma places can he 
found close to or even at the sur- 
face. Active volcanoes like Mount 
Kilauea in Hawaii and geysers such 
as ''Old Faithful" in Yellowstone 
National Park are well*known ex- 
amples. Those who have seen an 
erupting volcano or a spouting 
geyser come away with a sense of 
the tremendous power that lies 
beneath the earth's surface. 

In many places around the world, 
developers have drilled down, ex- 
tracted hot water or steam and 
used it to heat and cool buildings; 
process food and other consumer 
goods; heat cattle barns, 
greenhouses and fish ponds; and, 
since 1904, generate electric power. 

Geothermal power plants 60 miles 
north of San Francisco now 
generate 1,453 megawatts (MW) of 
electric power. (A megawatt is a 
million watts and serves the elec- 
trical needs of about 1,000 
customers.) 

Homeowners in Klamath Falls, 
Oregon, and in Boise, Idaho, have 
been using geothermal hot water to 
heat their homes inexpensively 
since the 1890's. Communities in 
several other parts of the United 
States are now beginning to use 
modern methods of distributing their 
underground heat to homes and 
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office buildings. Private companies 
are also developing ways to use 
geothermal eneigy instead of other 
fuels. Hot springs that once were 



popular sources of medical therapy 
and recreation now serve as in- 
dicators of underground resources. 
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Scientists and Govemmont officials 
believe that geothermal energy can 
be put to far greater use and are 
studying ways in which it might sup- 
plement or replace scarce fossil 
fuels. 

How A Geothermal 
Reservoir Works 

The outer layer of cool rock sur- 
rounding the earth is called the 
crust and is relatively thin - 24 to 48 
kilometers (15 to 30 miles). Below 
this is a layer of semi*molten rock 
called the mantle; and beneath that 
is a hypothesized liquid iron and 
nickel core. 

Scientists now generally believe that 
the crust is not one continuous 
sheet of rock but consists of con- 
tinental ''plates'' floating on the 
mantle. These . lates move and 
interact with one another. In places 
where two or more plates are col- 
liding or drifting apart and at 
isolated thin spots in the crust 
molten rock (called magma) may 
come quite close to the surface, 
and occasionally break through to 
form a volcano. 

If magma comes within a few miles 
of the suriace, it may transfer heat 
to underground water. The hot 
water may come to the surface 
spontaneously as a hot spring or 
geyser, or it may be trapped under 
a layer of solid rock and lie 
undetected thousands of feet 
underground. By drilling into 
geologic formations that contain this 
hot water, it can be pumped to (he 
surface and its heat recovered. 

Finding Geothermal Energy 

Some geothermal sources are easy 
to identify. Steam rising up through 
a crack in the ground or from a hot 
spring indicates that there is hot 
water below, although it may not in- 
dicate how much heat is available. 

It is hard to find geothemnal energy 
and to deterimine the size of the 
resource without these surface 
signs. A variety of techniques, some 
borrowed from the oil and gas in- 
dustry, are being used, and new 
ones are being developed. These 
include studying geologic maps and 
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satellite photos, measuring the den- 
sity of the rock by gravitymeters, 
measuring patterns by which elec- 
tricity or sound waves travel through 
the earth, and drilling shallow holes 
to take temperature and heat flow 
measurements. If an area seems 
promising, prospectors then drill 
deep exploratory wells to confirm 
that the resource is there and 
whether it contains enough heat to 
justify further work. 

Rock formations associated with 
geothermal energy are not only hot- 
ter but usually much harder than 
those in oil and gas reservoirs. 
Minerals dissolved in the hot water 
form a brine that is highly corrosive. 
Oil and gas drilling methods, 
therefore, are not well suited to 
geothermal drilling. Tougher drill 
bits and novel approaches are be- 
ing devised for the special needs of 
geothermal formations. One new 
concept is a flame jet that fractures 
the rock by creating thermal 
stresses. Special measuring in- 
struments that can withstand the 
high underground temperatures are 
also being developed. 

Where It Is 

Hot water geothermal resources, 



which are also called hydrothermal 
r'^sources, are located in many 
areas of the United States but are 
most plentiful in the West. A 
somewhat different kind of 
resource, called the geopressured 
zone, is found along the Texas and 
Louisiana Gulf Coast. Recent 
studies suggest that moderately hot 
geothermal resources which lie 
under regions of the Dakotas, along 
the Atlantic Coast, in Arkansas and 
in central Texas, may be quite 
useful. Similar resources may exist 
in many other states but have yet to 
be discovered. 

Generating Electric Power 

Geothennal energy was first used to 
generate electric power in 1904 at 
Larderello near Pisa, Italy. Today, 
electricity is produced from geother- 
mal resources in China, El 
Salvador, Iceland. Indonesia. Italy, 
Japan, Kenya, Mexico, New 
Zealand, Nicaragua, the Philippines, 
Portugal, the Soviet Union. Taiwan. 
Turkey and the United States. 

The largest commercial geothennal 
electric power plant complex is The 
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Geysers, in northern California, 
operated largely by Pacific Gas & 
Electric (PG&E) Company. At this 
facility, steam is collected from a 
number of wells and passed 
through turbines that drive electric 
generators. This type of installation 
costs less to build than conventional 
fossil fuel or nuclear power plants, 
and the overall cost of electricity 
production is competitive with other 
sources of electric power in 
California. 

Pacific Gas and Electric now has 17 
geothermal steam-powered units 
operating at The Geysers, and four 
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other operators have similar units. 
The combined capacity of all the 
units is now 1,453 megawatts. This 
is enough capacity to meet the nor- 
mal electric needs of the cities of 
San Francisco, Oakland and 
Berkeley. 

By 1988, PG&E expects to have 22 
units operating which would 
generate 1 ,645 megawatts of elec- 
tricity. This will be about 10 percent 
of PG&E*s total generating capacity. 
Other operators will bring the total 
to aboui 2,355 megawatts. 

The resource at The Geysers is 



•dr^ steam" (in a 'Vapor 
dominated" reservoir) that contain? 
little or no water. Unfortunately, this 
is very rare. Much more common 
are resources that contain mixed 
steam and hot water in 'liquid 
dominated" reservoirs. Several 
countries, including the Philippines, 
New Zealand, Mexico and Japan, 
are already using hot water 
resources extensively for electric 
power generation. Industry is plann- 
ing several installations totalling 
over 400 megawatts in this country 
within the next few years, and eight 
small plants totalling 54 megawatts 
are already in operation. 



conventional equipment for 
generating electric power f^om hot 
steam does net work well with water 
at lower temperatures, so special 
systems are being developed for 
geothermal power plants. One 
system, already tested in Califomia 
and Idaho, is called the binary 
system because it uses two dif- 
ferent fluids circulating In separate 
pipe loops. A 45 megawatt binary 
plant is under construction in 
California under a cost-sharing 
agreement between several utilities 
and the Federal Government. 

Direct Use 

It is often very efficient and 
economical to use geothermal 
energy as a direct source of heat. 

Examples of Geothermal Direct 
Use Applications 

In San Bernardino, California, the 
Water Department has placed a low 
temperature geothemial heating 
system on line. The geothermal 
fluid is used to heat an anaerobic 
digester at the city's wastewater 
treatment plant. The well supplies 
fluid flows at the rate of 2,500 
gallons per minute and a 
temperature of 134^ F. 

A geothermal space heating project 
is under construction in Boise, 
Idaho. The city of Boise will pur- 
chase the production from the 
geothermal wells and act as the 
distributer The city will negotiate 
with residential, commercial and in- 
stitutional customers for the supply 
of geothermal fluids to be used for 
space heating. 

In 1982 the Elko Heat Company 
began supplying hot w&ter to 
downtown buildings of Elko, 
Nevada. Water is produced at a 
rate of 400 to 600 gallons per 
minute at a temperature of 175° F. 
After most of the heat is extracted, 
the geothermal water is us9d by the 
city for irrigation and other 
municipal purposes. 

Navarro College in Corsicana, 
Texas, has recently begun a 
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muh'Ole use geothermal research 
project. Heat from geothermal water 
is used to grow shrimp, tropical 
fish and catfish. The water is also 
used to grow plants and to irrigate 
farmland. 

Only a few geothermal resources 
have been identified in the Eastern 
United States, but a recent geologic 
study of the Mid-Atlantic states in- 
dicates that many may contain 
geothermal resources suitable for 
use in local poultry and seafood 
processing plants, grain drying 
operations and industrial parks. 

Hot Dry Rock 

So far, we have been discussing 
uses of water that have been 
naturally heated by contact with hot 
underground rock formations. In 



time, the largest geothermal energy 
source may be hot rock formations 
that have not come into contact 
with underground water because it 
is not porous enough for water to 
filter through it. 

Researchers in New Mexico have 
succeeded in creating an artificial 
geothermal system. They drilled one 
hole deep into a hot dry rock forma- 
tion, then iractured the rock by 
pumping water down the hole under 
very high pressure. They then 
drilled a second hole to connect 
with the fracture. Cold water was 
pumped down one hole and hot 
water, which had been heated by its 
passage through the fracture, was 
recovered from the other. The 
system ran for nine months with 
about five thermal megawatts 
recovery. 
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Much more experimental work is 
needed before hot dry rock can 
become a practical source of 
energy because the technology is 
expensive and there are a number 
of unknown factors. It is not known, 
for example, how long a particular 
system will continue to supply neat 
before the rock cools. If this 
research is successful, hot dry rock 
could become a major energy 
source in tne future. 

Geopressured Reservoirs 

Geothermal reservoirs are found in 
deep sedimentary rocks beneath 
the Texas and Louisiana Gulf 
Coasts. Deposits of oil and natural 
gas are sometimes found in the 
same rock formations, but usually 
the pores of the rock are filled with 
hot salty water that contains dis- 
solved natural gas. This water is 
contained under very high 
pressures (5,000 to over 20,000 
pounds per square inch), and when 
produced through a well that is 
open at the top it emerges with 
great force. It may be possible to 
capture not only the heat energy 
but the natural gas and hydraulic 
energy as well. We know about the 
geopressured zones because for 
many years oil ^.nd gas developers 
have been drilling through these 
zones. Researchers are now deter- 
mining the number, location and 
size of geopressured reservoirs. 
Wells drilled into some of these 
reservoirs are being tested to deter- 
mine if their energy can be 
recovered at competitive cost. If so, 
the geopressured reservoirs may 
prove to be a substantial source of 
energy. 

Environmental Effects 

Geothermal energy has many 
ecological advantages. For exam- 
ple, it produces little atmospheric 
pollution or solid waste, and these 
are readily handled. 

The use of geothermal resources is 
environmentally benign when com- 
pared to conventional nonrenewable 
energy resources. However, some 
problems could delay exploitation or 
expansion at some sites. As a 
result, methods are being devel- 
oped to mitigate the effects of 



hydrogen sulfide emissions, sub- 
sidence, noise and disposal of 
brines. Environmental effects are 
minimal and consistent with the na- 
tional need for additional domestic 
energy. At the same time, appro- 
priate environmental regulations 
have been worked out that will sup- 
port development of geothermal 
resources. Fortunately, most of the 
adverse environmental impacts can 
be controlled or eliminated. 

institutional and Legai 
Problems 

Much of the technology needed to 
use geothermal energy effectively 
has been perfected, but there are 
other problems connected with its 
ownership and use. Various laws 
governing mineral and water rights 
often overlap or conflict with its 
development and use. Satisfying 
legal requirements and obtaining 
the necessary permits for use of 
geothermal energy can take many 
years. If sections of cities are to be 
heated or if the same water is to be 
used for several purposes, different 
industries and levels of government 
need to work closely together, 
sometimes in ways not often tried 
before in the United States. The 
Department of Energy is working 
closely with other Federal agencies, 
with state, county and municipal 
governments and with industry to 
bring geothermal energy into 
production. 

Economics 

Every geothermal resource is dif- 
ferent * below and above ground. 
Water temperatures, mineral con- 
tent and flow rate vary, as do local 
laws, population densities, in- 
dustries and proximity to other 
sources of energy. At present, only 
a fraction of the total geothermal 
energy resource is competitive with 
other forms of energy. The Federal 
Government has a program to 
develop lower-cost technologies so 
that much more of the resource can 
be used. Because geothermal 
energy must be used ciose to its 
source, direct application of heat 
will require planning and bringing 
industry and other users to the 
geothermal sites. 



Future Prospects 

The contained heat energy within 
the United States could, in theory, 
provide all the future needs of this 
Nation. Yet a modest goal of 9,000 
to 12,000'megawatts is the an- 
ticipated geothermal contribution by 
1990. 

The actual contribution will be 
determined by the effort - time, 
peop.w and funding - devoted to a 
broad research, development and 
demonstration program with par- 
ticipation by Federal, state and 
local governments in cooperation 
with industry, universities, 
laboratories and the American 
F>eople. 
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